Stimulation of the nasal mucous membrane can be shown to produce striking reflex responses which affect not only respiration but the heart and peripheral blood vessels as well. The investigation of these reflexes, however, presents certain problems because they are modified, depressed or abolished by anmsthesia and furthermore the strength of the stimulus used determines to some extent the type of reflex response obtained. For instance, a chemical stimulus so weak that it might be termed an odour rather than an irritant causes an increase in breathing, whereas mild and strong irritants produce depression of respiration or even apncea (Beyer 1901 , Tomori 1965 ).
The purpose of this paper is to describe some of the effects resulting from stimulation of the nasal mucous membrane in man, to analyse more specifically some of the mechanisms by which the responses are brought about (here one has to resort to a large extent to the results obtained from experiments on laboratory animals) and, finally, to review the possible functions of these reflexes in the animal organism.
Nasal Reflexes in Man
The commonest type of respiratory reflex arising from the nose is the sneeze. This results from an abnormal stimulation of the trigeminal nerve endings by a combination of dilatation of the nasal blood vessels and a discharge of clear slightly viscous secretion (Brubaker 1919) . These vasomotor and secretomotor effects may be caused by a number of factors, e.g. a reflex through excitation of cutaneous receptors by cold. Sneezing can also be triggered by afferent impulses from the eyes caused by bright light (Braus 1960) . As a result of stimulation of the trigeminal nerve endings, a single slow inspiration or a series of inspiratory efforts occurs followed by an explosive expiratory effort. Sneezing in the cat and the dog is a common symptom in any nasal disease (Cook 1964 ) and can also be produced by electrical stimulation of the central cut ends of the parasympathetic nerves to the nasal mucous membrane (Malcomson 1959) .
Little is known of the cardiovascular effects of sneezing, and this might be a profitable line of investigation. But they are probably dominated by the mechanical effects of changes of intrathoracic pressure which accompany the changes in respiration (Hamilton et al. 1944 ). The sneeze can be abolished by anesthesia.
The respiratory and cardiovascular effects of mild irritants to the nasal mucous membrane have been studied by a number of workers. Inhalation of very low concentrations of sulphur dioxide causes rapid shallow breathing or deep slow breathing, tachycardia and variable changes in blood pressure (Amdur et al. 1953) . But whether these responses were due to effects other than from the nose was not established. Other irritants such as ammonia vapour or cigarette smoke cause depression of breathing, bronchoconstriction, bradycardia and hypertension (Allen 1929 , DuBois & Dautrebande 1958 , Nadel & Comroe 1961 . Irrigation of the nose with cold water or saline also results in apnoea and a rise of blood pressure (Ebbecke 1944) . On the other hand, Harris (1939) found that the insufflation of ammonia vapour or cigarette smoke into the nose of unanmsthetized man in sufficient concentration to produce tears and pain had no effect on heart rate. However, electrical stimulation of the nose or aspiration of secretions from the nose of patients paralysed by disease and artificially ventilated caused an increase in heart rate and blood pressure (Frangois-Franck 1889 , Corbett et al. 1969 . Russetzki (1925) applied a sinusoidal electrical current to the supraorbital, infraorbital and mental branches of the trigeminal nerve and observed in some normal subjects bradycardia and a fall in blood pressure. It is of interest that the responses he observed were much greater in patients with neuralgia or neuritis of the trigeminal nerve.
These results indicate that it is not in all normal subjects that reflex responses from the nose can be elicited, but on the other hand, it seems likely that exaggeration of the reflexes occurs in patients with certain pathological conditions of the nose and in particular in those with increased irritability of the trigeminal nerve (Francois-Franck 1889, Killian 1910 , Russetzki 1925 , Harris 1939 Adam 1900 , Sluder 1919 ) and there are a number of reports of successful treatment of the bronchial condition after eradication of the nasal abnormality (Adam 1900 , Francis 1902 .
Undoubtedly the most dramatic effects of nasal stimulation are those resulting from changes in the cardiovascular system, and these may result in unconsciousness and even death. Grove (1922) has reviewed the recorded cases of 29 patients who became unconscious and of 16 who died suddenly as a result of puncture and irrigation of the maxillary sinus. Although not excluding a trigeminal-vagal reflex, he considered that the most likely cause of these mishaps was air embolism. Similar accidents occurring during minor procedures in the nose and sinuses have been reported by Dabney (1915) and Loeb (1923) . In man the mucosa covering the approaches to the paranasal sinuses are the most sensitive parts of the nasal mucous membrane, at least to pain (McAuliffe et al. 1945 ).
Sudden submersion in water in such a way that water enters the nose may also lead to loss of consciousness and death. In this connexion the murder trial known as the case of 'The brides in the bath' may be cited. George Joseph Smith was thought to have caused the death of each of his three victims by submerging her head in water while taking a bath (Watson 1922 , Crew 1933 (Gardner 1942 , Camps 1968 .
In view of the fact that the more potent of these reflexes are not well-recognized and that patients may clinically present signs and symptoms not unlike those of the common 'faint' or vasovagal attack, the reflexes will be analysed now in more detail. Allen 1929 , Ebbecke & Kniichel 1943 . This finding is supported by the fact that electrical stimulation of the trigeminal nerve also causes apnca, bradycardia and hypotension (Francois-Franck 1876).
Experimental Evidencefor
On the efferent side of the reflex arc, the respiratory effects are mediated by the nerves to the respiratory muscles, whereas the bradycardia and bronchoconstriction are almost entirely dependent on the integrity of the vagus nerves (Dixon & Brodie 1903) . Since vagal effects are mediated by a cholinergic mechanism, they can be largely counteracted by atropine. The small residual effects persisting after blocking the parasympathetic nerve endings may be due to a reduction in the impulse discharge in sympathetic nerves (Rall et al. 1945 ).
Effects ofStimulation 6f the Nasal Mucous Membrane in the Dog So far as we are aware there have been no previous reports of the changes in vascular resistance in different parts of the body accompanying stimulation of the nasal mucous membrane. A study of the reflex changes in distribution of systemic blood flow during stimulation of the nasal mucous membrane was therefore made in aniesthetized dogs, the alterations in respiration, heart rate and arterial blood pressure being recorded simultaneously.
Methods
The method by which the responses from the nose were evoked is shown in Fig 1. A cuffed tube was inserted into the posterior nasal fossa and air was slowly drawn through the nose in the direction of the arrows. In this way, vapours or water could be administered through the air-tight mask surrounding the nose. A free airway was maintained by a tracheostomy tube and this was connected to a closed-circuit respiratory system for recording respiration quantitatively by means of a balanced spirometer. We used water or saline (0-9 %) at measured temperatures which varied from 4 The vascular resistance was expressed in convenient units (peripheral resistance units) representing the pressure necessary to force blood at 1 ml/min through the vascular bed under test. The venous pressure was not measured in all experiments, but it was found to vary by not more than 5 mmHg (Fig 5) . The errors introduced by ignoring this figure in the calculation of vascular resistance are therefore negligible. Stimulation of the nasal mucous membrane of the dog invariably caused an increase in vascular resistance in skin, muscle, splanchnic vascular bed and kidney, but not in the carotid circulation. These increases in vascular resistance indicate vasoconstriction. In Fig 3, for instance, the arterial blood pressure showed little change initially but increased slightly during the latter part of the period of the stimulus which in this case was tobacco smoke. During this time there was a progressive reduction in femoral blood flow from 90 to 65 ml/min so that the calculated femoral vascular resistance increased.
The results of all experiments are shown in Fig  4 in which the changes in vascular resistance in various vascular territories have been expressed as a percentage change from the control value. The increase in resistance in the femoral artery of the normal limb was 125-7+119%, and both skin and muscle contributed to this response, the vascular resistance increasing by 319±57 Y. and 314-0±50 0 % respectively. Vasoconstriction also occurred in the splanchnic vascular bed, as indicated by an increase in resistance in the vascular bed of the superior mesenteric artery of 46-6± 18-1 %, and also in the kidney (renal artery), the vascular resistance increasing by 10 7±1-9%. In all these vascular territories, the increase in resistance is highly significant (P <0-001). The number of observations in each group of experiments differs widely because this study is still in progress. It is therefore premature to make a quantitative comparison of the size of the resistance changes in the different vascular territories. By contrast, however, are the changes in resistance in the vascular bed of the common carotid artery, the mean increase being only 5-8±5-8%. This is not significantly different from zero (P > 0 3).
Control experiments were carried out to establish that these vascular responses were primary reflexes from the nose and not secondary either to inhibition of breathing or to the alteration in arterial blood pressure. It was found in addition that the responses were abolished by denervation of the vascular bed, by the ganglionic blocking agent hexamethonium and by the adrenergic blocking agent guanethedine, indicating that they are mediated by sympathetic adrenergic nerves. None of these procedures affected the respiratory responses. The application of a local anesthetic to the nasal mucous membrane, however, abolished the respiratory, cardiac and vasomotor effects.
Similar vasomotor responses were observed in experiments in which the nasal mucous membrane was electrically stimulated, and in those using ammonia, ether or tobacco smoke (Fig 3) .
Changes in Car-diac Output The reason for the arterial blood pressure falling on occasions during stimulation of the nasal mucous membrane, in spite of vasoconstriction occurring in a large proportion of the systemic vascular bed is due to the overriding effect of a concomitant reduction in cardiac output. This is illustrated by Aortic, ascending aortic; BP, arterial blood pressure anda mean bloodpr essure. Time calibration, 10 sec ascending aorta was recorded. This was taken as a measure of the cardiac output but does not include the coronary blood flow which is only about 5% of the total left ventricular output. At the same time as the cardiac output diminished from 1 5 to 1 1 litres/min, a reduction in femoral blood flow and an increase in resistance in the femoral vascular bed occurred.
Summary: We have confirmed that stimulation of the nasal mucous membrane causes reflexly a reduction in breathing or apnaea in the expiratory position, bradycardia and hypertension or hypotension. In addition we have shown that reflex vasoconstriction occurs in the skin, muscle, splanchnic vascular bed and kidney, but not in the carotid circulation, combined with a reduction in cardiac output. It will be evident therefore that these responses differ from those in a vasovagal faint in which the prominent features are bradycardia and vasodilatation, not vasoconstriction (Barcroft et al. 1944 ).
Reflexes ofOther Parts ofthe Upper Respiratory Tract
Stimulation of the mucous membrane of other parts of the upper respiratory tract also causes reflex effects involving respiration and the cardiovascular system, but the responses differ in some respects from those elicited from the nose. For instance, digital pressure on the mucous membrane in the vault of the pharynx in the region of the eustachian orifice stimulates breathing in the apnoeic antsthetized cat and dog (Cook 1964) .
The laryngeal mucosa is probably the most sensitive part of the respiratory tract and its stimulation causes coughing and also bradycardia, bronchoconstriction and hypertension (Nadel & Widdicombe 1962) . Cardiac arrest may occur as a result of surgical interference with the larynx under inadequate anxsthesia (Burstein 1949 , Cook 1964 . Recently two new types of respiratory reaction have been described and collectively termed the 'pharyngeal respiratory reflexes'. These are evoked from the laryngopharyngeal region ('laryngopharyngeal cough') and the epipharyngeal region ('aspiration reflex'), and give rise to coughing and sneezing, and a series of inspiratory effects without accompanying expiratory efforts respectively. Both reflexes are accompanied by hypertension (Tomori & Widdicombe 1969) . Reflexes from the upper respiratory tract have been reviewed by Widdicombe (1963) .
Physiological Function ofNasal Reflexes Ramos (1960) The afferent pathways for the chemoreceptor reflexes are the carotid sinus nerves (branches of the glossopharyngeal nerves) and aortic nerves (branches of the vagus nerves).
Another reflex response resulting from stimulation of these chemoreceptors is an increase in respiration, but the fact that apnaea persists during diving at a time when the carotid and aortic bodies are being increasingly stimulated would suggest that their excitatory impulses are inhibited centrally, presumably by the afferent impulses from nasal receptors. This point, however, requires further study. But there must eventually come a time when asphyxia becomes so great that impulses from the peripheral arterial (Fig 6) . Before this breakthrough occurs, the animal must, of course, surface.
The intense peripheral vasoconstriction tlhrough stimulation of nasal receptors and arterial chemoreceptors, in those tissues that can withstand relatively prolonged periods of hypoxia, causes redistribution of the diminished cardiac output to the brain and the cardiac muscle, which are known to be damaged by even brief periods of hypoxia. In this way the oxygen available in the circulating blood and lungs during the period of submersion is made available to those tissues requiring it most urgently, and this mechanism is one of the most important by which diving animals can remain submerged for such prolonged periods of time.
From the foregoing it is apparent that the nasal cardiovascular reflexes serve a purposeful function in these diving mammals.
